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A Review  of  Zinc  Oxlde-Eugenol  Type 
Filling  Materials  and  Cements 


by 

Gerhard  M.  Brauer 


Abstract 


A review  is  given  of  the  status  of  zinc  oxlde-eugenol  type 
cements  as  well  as  modifications  of  these  materials  developed 
in  this  laboratory  and  elsewhere.  The  mechanism  of  the  set- 
ting reaction  and  the  physical,  histological  and  clinical 
properties  of  these  cements  are  discussed. 


1.  Introduction 

Although  oil  of  cloves  has  been  used  for  the  treatment  of  dental  carles  since 
the  l6th  century  [l]  zinc  oxide-oil  of  clove  cements  were  first  reported  In  the  den- 
tal literature  by  Chisholm  [2]  nearly  a hundred  years  ago.  Flagg  [3]  replaced  the 
creosote  oil  used  in  the  earlier  formulations  with  oil  of  cloves.  He  found  this  ce- 
ment very  satisfactory  and  used  it  routinely  In  dried  cavity  preparations.  Tomes  [4] 
described  a pulp  capping  procedure  in  which  a concave  platinum  disc  filled  with  thick 
zinc  oxide-oil  of  cloves  paste  was  placed  over  the  exposure.  Since  oil  of  cloves 
contains  about  83%  eugenol  the  latter  liquid  was  substituted  In  dental  preparations. 
The  first  proprietary  zinc  oxlde-eugenol  (ZOE)  cement  was  Introduced  in  1894  by 
Wessler  in  Sweden  [5].  It  was  claimed  to  be  "non-lrrltatlng,  a poor  conductor  of 
heat,  a powerful  antiseptic  and  anodyne". 

2.  Dental  Applications 

* 

The  putty-llke  coherent  mass  formed  on  mixing  zinc  oxide  and  eugenol  (ZOE)  con- 
taining various  additives  has  been  found  valuable  In  many  phases  of  dentistry.  As 
will  be  discussed  later,  this  cement  possesses  much  better  compatibility  than  most 
dental  materials  with  both  the  hard  and  soft  tissues  of  the  mouth,  relieves  pain  and 
provides  good  marginal  seal  In  tooth  cavities.  Hence,  these  materials  are  being 
widely  employed  as  temporary  fillings,  sedative  bases,  cementing  media  for  crown  and 
bridge  work,  as  a soft  tissue  pack  In  oral  surgery,  periodontics  and  certain  phases 
of  restorative  dentistry,  as  root  canal  sealers  In  endodontics  and  with  modifying 
agents  as  Impression  pastes.  The  greatest  weakne^esof  ZOE  cement  are;  1.  its  low 
strength  which  may  not  be  large  enough  to  resist  the  biting  force  transmitted  to  It 
through  a restoration,  2.  Its  lack  of  resistance  to  wear,  and  3.  disintegration 
under  oral  environment  that  limits  the  life  of  temporary  fillings. 

3.  Setting  Mechanism 

Detailed  studies  of  the  setting  mechanism  of  ZOE  cements  have  been  undertaken 
only  during  the  last  few  years.  Forster  [6]  In  1929  assumed  that  the  hardening  is  a 
physlcomechanlcal  process  in  which  the  structure  of  the  zinc  oxide  remains  unchanged. 
Wallace  and  Hansen  [7]  showed  that  the  phenolic  group  Is  essential  for  hardening. 
Harvey  and  Patch  [8]  demonstrated  the  greater  activity  of  oxides  prepared  by  the  de- 
composition of  zinc  salts  as  compared  to  those  prepared  by  combustion  of  the  metal. 
The  Influence  of  the  presence  of  small  amounts  of  water  was  recognized  but  little 
evidence  was  found  for  the  existence  of  a new  crystalline  species  In  the  set  mass. 
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These  investigators  assumed  that  a compound  resembling  zinc  phenolate  is  formed  and 
that  the  setting  process  is  a combination  of  physical  and  chemical  reactions.  Cope- 
landj  Brauer,  Sweeney  and  Forziati  [9]  showed  by  chemical,  x-ray  diffraction  and 
infrared  analyses  that  a zinc  eugenolate  chelate  of  the  following  structure  is  formed: 


They  deduced  from  electron  photomicrographs  that  the  set  mass  resulting  from  mixes  of 
zinc  oxide  and  eugenol  consists  of  zinc  oxide  embedded  in  a matrix  of  long,  sheath- 
like crystals  of  zinc  eugenolate  with  any  excess  eugenol  being  sorbed  by  both  the 
zinc  eugenolate  and  the  zinc  oxide.  Figure  1 shows  the  sheaf-like  aggregation  that 
is  typical  of  the  hardened  mass.  Similar  conclusions  were  reached  by  Smith  [10]  and 
Vielllef osse,  Vayson  de  Pradenne  and  Zumbrunn  [11].  More  recently  Brauer  and  Wiede- 
man  [12]  have  shown  that  solutions  of  zinc  salts  will  give  a change  in  the  polaro- 
graphlc  half-wave  potential  in  the  presence  of  eugenol,  again  indicating  that  zinc 
will  form  a complex  with  eugenol.  More  detailed  x-ray  diffraction  studies  of  the 
crystal  structure  of  zinc  and  magnesium  eugenolates  have  been  undertaken  by  Douglas 
[13].  A complete  elucidation  of  the  unit  cell  structure  should  aid  in  explaining 
and  Improving  the  mechanical  properties  of  the  cements. 


Because  simple  mixtures  of  zinc  oxide  and  eugenol  harden  slowly  most  commercial 
products  contain  additional  ingredients.  The  composition  of  reasonably  successful 
ZOE  cements  is  given  in  Table  1 [7,  l4]  and  a formula  for  a root  canal  sealer  in 
Table  2 [l4,  15].  The  strength  and  mixing  characteristics  are  Improved  by  the  in- 
corporation of  rosin  or  hydrogenated  rosin.  Many  salts  will  accelerate  the  setting 
reaction  but  zinc  compounds,  especially  zinc  acetate,  are  very  effective  [7,  I6]. 
Other  compounds  such  as  water,  alcohol  and  glacial  acetic  acid  also  act  as  acceler- 
ators.. It  is  likely  that  water  or  the  hydrated  salts  react  with  zinc  oxide  in  the 
following  manner: 

ZnO  + H2O  Zn(0H)2 

Zn(0H)2  + 20H  C1QH11P2  ( eugenol ) Zn( 0 C10H11O2)  + 2H2O 

Thus,  only  a trace  of  water  is  necessary  to  start  the  reaction  since  the  water 
liberated  by  the  eugenolate  formation  will  in  turn  react  with  additional  zinc  oxide. 


Setting  Time  - The  setting  time  of  zinc  oxide  eugenol  is  dependent  on  the 
following  factors:  (l)  accelerators,  (2)  water,  (3)  process  used  in  the  manufacture 
of  the  zinc  oxide,  (4)  particle  size  and  surface  area  of  the  powder,  (5)  powder- 
liquid  ratio,  (6)  method  of  mixing  and  (7)  temperature.  As  has  been  mentioned  above 
traces  of  water  or  a highly  humid  atomsphere  generally  speed  up  the  setting  reaction. 
Under  conditions  of  high  humidity  the  slurry  may  set  before  an  adequate  nix  has  been 
obtained . Zinc  oxides  made  from  carbonate  are  more  reactive  than  those  manufactured 
by  oxidizing  the  metal,  but  addition  of  water  to  such  powders  has  no  marked  effect 
[10].  D.  C.  Smith  therefore,  suggested  use  of  zinc  oxide  made  from  carbonate  by 
heating  to  350-400°  C for  20  minutes  and  cooling  in  air.  On  mixing  with  eugenol  to 
a thick  consistency  such  slurries  will  harden  within  3 to  4 minutes. 

Smaller  particle  size  zinc  oxides  speed  up  the  setting  time.  However,  the 
setting  time  is  more  dependent  on  the  method  of  manufacture  than  on  the  dimensions 
of  the  zinc  oxide  particles.  On  exposure  to  air,  moisture  absorption  and  formation 
of  zinc  carbonate  may  take  place  which  will  modify  the  reactivity  of  the  particles. 

The  amount  of  powder  that  will  combine  with  the  liquid  to  achieve  a certain  consis- 
tency is  much  greater  than  that  of  the  zinc  phosphate  cements . The  larger  the  a- 
mount  of  zinc  oxide  incorporated  into  the  mix  the  shorter  the  setting  time.  High 
powder-liquid  ratios  are  also  desirable  to  increase  strength.  Trituration  with  a 
mortar  and  pestle  or  mixing  for  30  seconds  in  a mechanical  amalgamator  using  gelatin 
capsules  has  recently  been  suggested  [18].  The  rate  and  time  of  setting  are  somewhat 
affected  by  the  length  of  spatulation.  Within  practical  limits,  the  longer  the  mixing 
time,  the  shorter  the  setting  time  [19].  The  lower  the  temperature  of  the  mixing 
slab,  the  longer  the  setting  time  provided  that  the  temperature  is  above  the  dew  polrt. 


CH2CH=CH2  CH2CH=CH2 


4.  Composition 


5.  Physical  Properties 
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Temperature  Rise  - The  setting  reaction  Is  slightly  exothermic.  The  temperature 
rise  Is  dependent  on  the  amount  of  slurry  used,  presence  of  modifying  agents,  powder- 
liquid  ratio  and  degree  of  spatulatlon.  However,  the  rise  In  temperature  should  not 
exceed  5°  C under  clinical  conditions  and  hence.  Is  much  smaller  than  the  temperature 
rise  encountered  during  hardening  of  many  other  restorative  materials. 

Strength  - Table  3 lists  the  24-hour  -compressive,  tensile  and  shear  strengths 
as  reported  [l8]  for  a zinc  oxlde-eugenol  cement  containing  a powder-liquid  ratio  of 
2.6  g/0,4  ml  which  is  considerably  higher  than  the  ratio  generally  employed  for  com- 
mercial products.  Compressive  strengths  as  high  as  385  kg/cm2  have  been  reported 
when  8.5  g of  powder  were  mixed  with  0.4  ml  of  eugenol  [20],  Such  a stiff  consistency 
Is  not  often  employed  under  clinical  conditions  where  the  resulting  cements  have  com- 
pressive strengths  of  40  to  240  kg/cm^.  Particle  size  does  not  seem  to  affect  the 
strength  of  the  mixtures, ' but  has  a pronounced  Influence  when  additive  agents  are 
employed  [21].  A slight  decrease  In  strength  within  7 days  occurs  with  ZOE  cements. 

The  7 day  specimens  give,  however,  somewhat  higher  Knoop  hardness  -values  than  those 
obtained  at  24  hours.  Inspection  of  Table  3 indicates  that  not  only  the  compressive 
strength  but  also  the  tensile  and  shear  strengths  of  ZOE  cements  are  considerably 
lower  than  those  of  zinc  phosphate  cements.  Using  zinc  oxide  obtained  by  thermal 
decomposlton  of  the  carbonate  does  not  Increase  the  strength  of  the  cements,  but 
decreases  the  tackiness  of  the  mix. 

Solubility  - The  solubility  of  ZOE  cements  (0.02  to  0.1^  after  24  hours)  In 
water  Is  considerably  lower  than  that  of  silicate  or  phosphate  cements.  The  rate  of 
solution  Is  essentially  constant  during  the  first  week  [22].  Cements  prepared  from 
large  particle  size  zinc  oxide  (0.93  micron)  exhibit  an  appreciably  higher  rate  of 
disintegration  in  water  both  after  24  hours  and  7 days  [21].  This  appears  to  be 
caused  by  disintegration  rather  than  solubility  since  large  particles  of  the  cement 
were  observed  In  the  storage  medium.  In  dilute  acetic  acid  the  solubility  of  all 
materials  was  increased  and  the  Influence  of  particle  size  proved  negligible.  Addi- 
tion of  zinc  acetate  accelerator  results  In  a minor  Increase  In  water  solubility. 

The  cements  are  fairly  soluble  In  lactic  or  acetic  acid  solutions  (pH  4)  (but  less 
soluble  than  either  zinc  phosphate  or  silicate  cements)  and  completely  dissolve  in 
citric  acid  within  a week  [23].  Specimens  prepared  with  a lower  powder-liquid  ratio 
and  stored  In  citric  acid  (pH  4.0)  showed  much  less  dissolution  over  the  same  7-day 
period.  Abrasion  tests  Indicated  the  smallest  particle  (0.11  micron)  zinc  oxide  to 
be  slightly  more  resistant  to  the  action  of  a toothbrush  and  water.  Powder-liquid 
ratio  also  influenced  abrasion  resistance  as  less  weight  loss  occured  In  specimens 
prepared  with  the  higher  powder-liquid  ratios.  Dynamic  influences  (such  as  suspending 
the  specimen  in  a stirred  solution  or  repeated  brushing  with  a weighed  toothbrush) 
greatly  Increase  the  disintegration  [18],  Ultrasonic  stirring  was  especially  harmful. 
Sealing  properties  of  ZOE  cement  when  evaluated  on  the  basis  of  their  ability  to  pre- 
vent the  penetration  of  Ca'^5  at  the  marginal  areas  are  superior  to  those  of  either 
silicate  or  zinc  phosphate  cement  [26]. 

Methanol  will  extract  some  of  the  eugenol  from  the  cement.  Chloroform  or 
acetone  will  remove  nearly  all  the  eugenol  resulting  in  the  complete  disintegration 
of  the  cement. 

Setting  Shrinkage  - The  volumetric  setting  shrinkage  Is  0.9^  In  water [18].  This 
Is  little  higher  than  the  value  for  silicate  cements,  but  considerably  lower  than  the 
6^  shrinkage  encountered  In  self-curing  filling  resins  and  should  be  of  little  clini- 
cal importance. 

Coefficient  of  Thermal  Expansion  - The  coefficient  of  linear  thermal  expansion 
is  35x10-°  per  °C  In  the  25  to  60°C  range  [18].  This  is  about  three  times  the  value 
obtained  for  enamel. 

Density  - The  density  of  different  cements  varies  from  2.6  to  3.7  g/ml.  The 
radlopaclty  of  cements  can  be  Increasedty Incorporation  of  bismuth  subcarbonate. 

pH  - The  apparent  pH  value  Is  6 to  8 even  at  the  time  of  contact  with  the  tooth. 
The  nearly  neutral  behavior  of  the  cements  may  be  responsible  for  their  excellent 
tissue  tolerance. 

Heat  Stability  - The  cements  are  stable  at  the  temperatures  encountered  clinically 

[12]. 
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Insulation  - Phillips  and  coworkers  [24,  25]  showed  that  ZOE  cement  insulates 
against  galvanic  action  both  when  wet  or  dry  whereas  zinc  phosphate  cements  fall  to 
do  so  when  wet. 

Eugenol  Inhibits  the  polymerization  of  methacrylates.  Hence,  ZOE  cements  should 
not  be  used  as  bases  for  acrylic  fillings.  Massler  and  Mansukhani  [27]  and  Grossman 
[27a]  using  a dye  penetration  test  to  determine  the  In  vitro  sealing  properties  of 
different  liners  showed  that  fast-setting  zinc  oxide  and  eugenol  mixtures  most 
effectively  prevented  the  penetration  of  acid  from  silicate  and  phosphate  cements  Into 
the  underlying  area.  The  ZOE  cements,  however,  have  the  disadvantage  of  discoloring 
the  silicate  cement. 

6.  Modified  ZOE  Type  Cements 

Low  strength  Is  unquestionably  the  main  weakness  of  ZOE  cements.  To  overcome 
this  behavior  a number  of  studies  have  been  undertaken  during  the  last  decade  to 
obtain  cements  showing  improved  physical  properties.  The  following  approaches  have 
been  used,  1.  Incorporation  of  fillers,  modifying  agents  or  resins,  2.  study  of  the 
scope  of  the  reaction  of  metal  oxides  with  eugenol,  3.  substitution  or  partial  sub- 
stitution of  eugenol  by  other  chelating  agents,  acids  or  acid  derivatives.  Each 
approach  will  be  discussed  below. 

Incorporation  of  Fillers  or  Modifying  Agents  - Addition  of  rosin  or  rosin  de- 
rivatives Improves  the  working  properties  by  reducing  the  friability  and  wear  of  the 
hardened  cement.  Generally,  hydrogenated  rosin  is  used  since  it  Is  not  readily 
oxidized  and  Imparts  better  color  stability  to  the  cement.  Addition  of  fused  silica 
to  the  powder  does  not  markedly  alter  strength,  but  improves  the  handling  character- 
istics of  the  mixes  when  In  concentrations  of  at  least  10^  in  the  powder  [22].  The 
addition  of  alloy  for  dental  amalgam  is  not  very  effective.  Only  slight  improvement 
in  strength  Is  obtained  on  incorporation  of  glass  or  cotton  fibers  Into  the  powder 
[28].  Somewhat  more  effective  Is  the  addition  of  about  5^  dlcalclum  phosphate  [29]. 
Ethylcellulose  and  powdered  mica  have  been  suggested  as  fillers  and  gum  elemi  is 
claimed  to  Increase  adhesion. 

Incorporation  of  up  to  20^  polymer  dissolved  In  eugenol  to  Improve  the  physical 
properties  was  first  suggested  by  Curtis  [30].  Addition  of  1 to  10^  polystyrene  or 
poly(methyl  methacrylate)  produces  a modest  Increase  In  strength,  adhesiveness  and 
marginal  sealing  characteristics  [22,  31j  32].  ZOE  cements  containing  10^  dissolved 
polystyrene  have  a maximum  7-day  compressive  strength  of  492  kg/cm2  and  appear  to 
stand  up  to  condensation  of  amalgam  by  manual  and  mechanical  techniques. 

Substitution  of  Other  Metal  Oxides  - The  oxides  of  group  IIA  of  the  periodic 
table  (MgO,  CaO,  SnO,  BaO)  and  group  IIB  (ZnO,  CdO)  react  with  eugenol  to  give  a 
cement  [11,33] . 

Modification  of  the  Liquid  - Clove  oil  which  is  approximately  85^  eugenol,  oil 
of  bay  or  gualacol  may  be  substituted  for  eugenol.  Olive  oil  and  light  mineral  oil 
serve  as  plasticizers  to  Improve  the  mixing  and  flow  properties  and  to  produce  a 
milder  tasting  preparation  by  diluting  the  eugenol.  Bromlnated  olive  oil  may  be 
added  to  regulate  viscosity,  chlorothymol  to  Increase  the  bacteriostatic  properties 
and  bay  oil  to  Increase  taste  and  odor  [3^].  Canada  balsam  gives  tackiness  to  the 
mixed  cement  which  Is  especially  desirable  for  root  canal  sealers.  ZOE  surgical 
dressings  contain  greater  quantities  of  mineral,  peanut  or  almond  oils  to  Increase 
plasticity  and  to  dilute  the  Irritating  eugenol.  Asbestos  or  cotton  fibers  may  be 
added  to  Increase  strength  and  tannic  acid  as  a hemostatic  agent. 

Bergamot  oil  has  been  suggested  as  replacement  of  eugenol  In  gingival  dressings 
[35].  Unlike  eugenol,  oil  of  cloves,  linseed  oil  or  thymol,  bergamot  oil  has  no 
hemolyzing  or  protein  precipitating  properties. 

Isomers  of  Eugenol  - The  Isomers  of  eugenol  capable  of  forming  chelates  have 
been  synthesized  [36].  The  effect  of  the  position  of  substituents  on  the  behavior  of 
the  Isomers  as  evidenced  by  their  Ionization  constants  and  reactivity  with  zinc  oxide 
has  been  determined  [37].  In  the  reaction  of  eugenol  isomers  with  zinc  oxide  vicinal 
( 1, 2, 3-trlsubstituted)  Isomers  do  not  react  readily  (Table  4)  compared  to  the  unsy- 
metrlcally  1,2,4  or  1, 2, 5-trlsubstltuted  ones  Indicating  that  the  chelation  reaction 
Is  greatly  Influenced  by  the  sterlc  hindrance  of  the  bulky  neighboring,  allyl  groups. 

In  addition  to  sterlc  effects  of  the  substituent  groups,  the  chelation  reaction  may 
also  depend  to  a lesser  degree  on  the  Ionization  constants.  The  more  acidic  chavi- 
betol  reacts  somewhat  faster  than  eugenol.  Synthesis  of  new  chelate  cements  should 
be  directed  towards  derivatives  with  unsymetrlcally  tr Isubstltuted  groups. 
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Substitution  of  Other  Chelating  Agents  - Zinc  oxide  will  react  with  a number  of 
chelating  agents  to  form  cementitious  products  [33].  Among  these,  the  product  of  the 
reaction  of  zinc  oxide  and  £-ethoxybenzoic  acid  (EBA)  has  been  studied  in  considerable 
detail.  Mixes  containing  EBA  and  metal  oxides  of  group  II  of  the  periodic  table  or 
lead  oxide  will  harden  within  a few  minutes  even  in  the  absence  of  accelerators.  The 
products  formed  from  EBA,  eugenol  and  zinc  oxide  although  showing  much  Improved  prop- 
erties have  too  high  a water  solubility  to  be  useful  clinically.  Substitution  of 
2-propoxy-5-methylbenzoic  acid  that  is  a higher,  more  hydrophobic  homologue  of  EBA 
gives  cements  that  show  unexpectly  high  water  solubility  [38,  39].  However,  on 
incorporation  of  hydrogenated  rosin,  monocalcium  phosphate  or  heat-treated  fused  quartz 
24  hour  water  solubility  and  disintegration  is  reduced  to  0.04^.  The  compressive, 
shear  and  tensile  strength  (Table  3)  are  three  to  four  times  those  of  commercial  ZOE 
cement  formulations  and  approach  the  values  obtained  for  zinc  phosphate  cements  [18, 

39,  40].  Thus,  the  24-hour  compressive  strength  is  Increased  to  872  kg/cm^  as  compared 
to  210  kg/cm2  for  many  commercial  products.  The  addition  of  poly (methyl  methacrylate) 
or  polystyrene  may  improve  these  properties  [22].  Particle  size  of  zinc  oxide  and 
fused  quartz  does  not  affect  greatly  the  physical  properties  of  the  cements  [18,  21]. 

As  will  discussed  later  these  cements  are  well  tolerated  by  the  tissues.  Clinical  re- 
sults indicate  their  usefulness  as  bases,  sedative  restorations  and  for  cementing  media 

[41] .  Fillings  wore  excessively  under  clinical  conditions.  This  behavior  of  the  EBA 
cements  in  the  mouth  showed  no  correlation  with  laboratory  findings  on  solubility,  dis- 
integration and  abrasion  [I8].  It  appears  likely  that  the  excessive  wear  of  EBA  fil- 
ling materials  may  be  overcome  by  Improved  formulations.  To  aid  such  studies,  the 
effect  of  the  oral  environment  on  the  exposed  surfaces  should  be  studied  by  microbio- 
logical methods. 

To  determine  the  causes  of  the  breakdown  of  fillings  that  could  not  be  predicted 
from  the  physical  properties  of  these  materials,  their  heat  stability,  decomposition 
in  organic  solvents  and  mechanism  of  the  setting  reaction  have  been. studied  [12].  It 
has  been  shown  that  EBA  forms  an  ionic  complex  with  divalent  metal  ions  such  as  Zn++ 

The  EBA  in  the  cements  can  be  quantitatively  extracted  with  methanol  or  chloroform 
whereas  eugenol  is  held  more  firmly  in  the  hardened  cement.  Since  eugenol  forms  a 
f ive— membered  chelate  whereas  EBA  gives  a slx-merabered  ring,  the  determination  of  the 
EBA  chelate  formation  and  stability  constants  should  Indicate  the  relative  stability 
of  the  two  ring  systemsand  thus  assist  in  clarifying  this  unexpected  behavior.  Neilson 

[42]  reported  the  reactivity  of  39  liquid  chelating  agents  with  metal  oxides  to  form 
cements  that  may  be  useful  as  root  canal  filling  materials.  The  best  cement  was  formed 
from  7-n-propyl-8-hydroxyqulnollne  (Oxol)  when  mixed  with  Bi202.  Compared  with  ZOE 
cements  it  possesses  greater  hardness,  fair  expansion  during  setting  and  withstands 
the  presence  of  bicarbonate. 

Incorporation  of  various  acids  and  esters  into  ZOE  type  preparations  has  also 
been  suggested.  A zinc  oxide-fatty  acid  material  is  commercially  available.  It  has 
the  advantage  of  not  affecting  acrylic  resin  materials  and  is  claimed  to  possess  ex- 
cellent tissue  tolerance.  The  cement  has  lower  physical  properties  (compressive 
strength  70  kg/cm2)  and  higher  solubility  than  ZOE  cements  [43].  The  cement  does  not 
appear  to  be  capable  of  withstanding  the  biting  forces  and  there  is  a 95^  failure  rate 
within  6 months.  Horn  [44]  has  suggested  addition  of  1^  Triamlte  (a  mixture  of  ben- 
zoic acid  and  esters  of  hydroxysubstituted  benzoic  acids)  to  improve  the  fungicidal 
activity  of  ZOE  type  crown  and  bridge  cements.-  Molnar  and  Skinner  Investigated  the 
reactivity  of  28  aromatic  carboxylic  acids  with  zinc  oxide  [45].  Hydrocinnamlc, 
cyclohexane  carboxylic,  p-tertlary  butylbenzolc,  thlobenzoic  and  cyclohexane  butyric  acid 
gave  cements  having  compressive  strength  varying  from  32  to  532  kg/cm2.  Cements  con- 
taining cyclohexane  butyric  acid  had  the  lowest  solubility  (0.l6^). 

7.  Histological  Studies 

Many  investigations  have  shown  that  zinc  oxide-eugenol  cements  are  well  tolerated 
by  the  tissues.  Since  the  hardened  cement  is  essentially  neutral  the  ZOE  cement 
offers  unusual  pulpal  protection.  The  eugenol  is  an  obtundent;  however,  the  clinical 
significance  of  this  is  not  known.  In  addition  to  these  qualities  ZOE  cement  is  su- 
perior to  other  cements  in  its  initial  adaptation  to  the  cavity  walls,  at  least  during 
the  first  few  days  or  weeks  (26,  46,  47).  The  extremely  mild  effect  on  the  pulp  may  be 
related  to  the  ability  of  the  cement  to  prevent  ingress  of  fluids  and  organisms  that 
might  produce  a pathologic  condition  in  the  pulp  during  the  time  when  the  pulp  is  in- 
jured. The  palliative  effect  of  ZOE  cement  has  long  be  recognized.  Sensitivity  on 
cementation  is  unusual,  even  in  preparations  in  mouths  having  past  history  of  gross 
carles.  Eugenol  is  relatively  non-toxic  as  IndicatedbyanLD^o  0.50  gm/kg  determined 
for  white  mice  [48].  It  is  a substance  that  is  generally  recognized  as  safe  for  use 
as  a food  additive  [49]. 
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However j free  eugenol  has  some  inflammatory  characteristics.  Schllder  and 
Amsterdam  Injected  eugenol  in  the  abdominal  Integument  and  eyes  of  rabbits  and  observed 
severe  inflammation  at  both  test  areas  [50]- 

Torneck  [51]  studied  the  reaction  of  hamster  tissue  to  drugs  used  in  root  canal 
sterilization.  The  method  employed  consisted  of  surgical  implantation  of  punctured 
polyethylene  capsules  containing  the  medicaments  into  the  dorsum  of  the  test  animal. 
Within  48  hours  eugenol  produced  a localized  reaction;  suppuration  and  a moderate 
inflammatory  infiltration  of  the  surrounding  tissue  were  noted. 

Coolldge  [52]  sealed  various  drugs  in  the  root  canals  of  dogs  for  a period  of  2l 
days.  Of  the  essential  oils  tested,  oil  of  cloves  seemed  to  produce  the  least  irri- 
tation. Eugenol,  however,  produced  extensive  leukocytic  infiltration  with  bone  re- 
sorption. Similar  observations  were  reported  by  Feldman  [53]. 

Pohto  and  Schelnln  [54]  observed  the  effect  of  oil  of  cloves  and  eugenol  on  the 
circulation  of  the  pulp  in  the  lower  rat  incisor.  In  these  experiments  oil  of  cloves 
or  eugenol  was  applied  either  directly  on  the  exposed  tissue  or  on  a thin  dentinal  layer 
remaining  over  the  pulp.  Total  thrombosis  of  the  entire  pulpal  circulation  developed 
within  a few  minutes.  In  cases  where  the  opening  made  through  the  dentin  was  a slit, 
stasis  and  thrombosis  occured  within  a radius  of  200-400  microns  from  the  site  of  the 
perforation.  In  the  group  where  a thin  dentinal  layer  had  been  left  over  the  pulp 
the  two  liquids  produced  hyperemia.  This  condition  was  revealed  through  an  Increase 
of  the  velocity  of  the  blood  flow  and  through  capillary  dilation.  Aggregates  of  red 
and  white  cells  were  observed  in  some  of  the  cases.  Thrombosis  developed  only  in  a 
few  Instances.  The  pulpal  changes  were  limited,  however,  to  hyperemia  and  cell 
aggregates  when  using  a zinc  oxide-eugenol  paste. 

Schach  [35]  suggested  substitution  of  bergamot  oil  for  eugenol,  oil  of  cloves, 
linseed  oil  or  thymol  in  gingival  dressing  since  only  bergamot  oil  showed  no  hemoly- 
zlng,  protein  precipitating  properties  in 3n vitro  tests.  He  considers  the  previously 
used  oils  as  possible  tissue  damaging  agents. 

Hardened  ZOE  cements,  however,  appear  to  be  well  tolerated  by  the  tissues. 

Mitchell  [55]  studied  the  Irritatlonal  qualities  of  dental  materials  by  Implanting 
them  directly  into  the  connective  tissues  beneath  the  skin  of  rats  and  by  leaving  them 
there  for  an  "acute"  period  or  a chronic  period  of  approximately  two  weeks.  The  tissues 
around  the  materials  were  then  studied  microscopically.  ZOE  or  ZOE  cement  containing 
zinc  acetate  were  very  mild  irritants  whereas  calcium  hydroxide  had  moderate  irrita- 
tlonal properties,  but  no  heterotropic  bone  formation  occurred  around  ZOE  cement  im- 
plants in  the  dermis  of  the  rat  [56,57].  Schaad,  Carter  and  Myers  [58]  in  similar 
studies  detected  a moderate  reaction  for  ZOE  cement.  On  the  other  hand,  Roydhouse 
and  Weiss  [59]  injected  ZOE  cement  Immediately  after  mixing  and  before  setting  into 
the  fascial  layers  of  the  belly  wall  of  rats  and  a severe  initial  irritation  and  ne- 
crosis resulted.  After  30  days,  inflammation  was  still  present  around  the  Implant. 

On  the  basis  of  the  reaction  of  the  chorlo-allantoic  membrane  of  the  chick  embryo 
Colman  [60]  suggests  that  ZOE  cement  has  a toxic  action  on  cells.  Probably  unreacted 
eugenol  which  was  in  contact  with  the  tissues  in  the  latter  studies  is  responsible  for 
the  reactions.  ZOE  fillings  and  cements  usually  harden  shortly  after  being  placed 
and  the  residual  eugenol  content  which  may  come  in  contact  with  the  pulp  isanall. 
However,  periodontal  packs  or  non-setting  ZOE  pastes  containing  a high  percentage  of 
eugenol  may  perhaps  not  be  the  "ideal"  remedy  they  were  originally  considered  to  be. 

Sllberkweit,  Massler,  Schour  and  Weinmann  [61]  prepared  incisors  of  albino  rats 
and  filled  them  with  a variety  of  filling  materials  to  determine  their  effect  on  the 
young  pulp  and  odontoblasts.  Animals  were  sacrificed  2,7  and  8 days  after  operation 
and  the  effects  on  the  odontoblasts  were  evaluated  primarily  from  alterations  in  the 
quality  (calcification  and  structure)  and  quantity  of  the  dentin  formed  after  the  opera- 
tion. ZOE  cement  brought  about  a reduction  in  the  acute  operative  injury  to  the  odonto- 
blasts and  accelerated  the  postoperative  recovery  as  evidenced  by  the  formation  of  a 
less  prominent  calclo-traumatic  band  and  a return  of  the  postoperative  incremental 
pattern  to  normal.  No  morphologic  changes  were  observed  in  the  pulp  or  odontoblasts. 

In  moderately  deep  cavities  the  reaction  to  ZOE  cement  was  lightly  more  pronounced 
than  was  the  effect  of  the  cavity  preparations  per  se.  The  reaction  was  less  pro- 
nounced than  in  the  specimens  covered  with  gold  plate.  The  stratification  was  slightly 
more  prominent  than  that  seen  under  the  cavities  of  equivalent  depth  with  connective 
tissue,  but  significantly  less  than  under  the  cavities  covered  with  gold  plate.  The 
odontoblasts  and  calcification  of  the  post-operative  dentin  appeared  normal  even  in 
very  deep  cavities  (30  microns  from  the  pulp).  These  findings  indicate  that  ZOE 
cement  has  a definite  palliative  effect  on  the  odontoblasts  and  tends  to  nullify  the 
effects  of  the  cavity  preparation. 
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Manley  [62]  found  that  removal  of  the  fillings  in  dogs'  teeth  after  10  to  12  weeks 
showed  that  ZOE  cement  gave  no  pulpal  reaction  and  only  a slight  change  in  the  odonto- 
blasts was  observed . 

Manley  also  used  patients  between  10  and  l6  years  of  age  in  whom  extraction  of 
premolars  was  required  for  orthodontic  purposes  [63].  After  extraction  the  teeth  were 
fixed  and  decalcified.  He  observed  that  the  use  of  amalgam  and  silicate  or  phosphate 
cements  is  attended  by  a marked  reaction  in  the  pulp  and  dentin.  With  ZOE  cement^ 
however,  no  significant  reaction  in  the  pulp  was  reported.  Even  under  a very  deep 
cavity,  changes  were  confined  to  the  odontoblastic  layer  that  had  lost  its  close  con- 
tact with  the  dentin  margin  by  the  breaking  of  the  cell  collars.  The  pulp  tissue  under 
the  odontoblasts  was  normal.  Odontoblasts  were  shrunken  and  some  had  lost  their  fi- 
brils. Others  had  been  drawn  up  close  to  the  mouth  of  the  tubules  by  contraction  of 
the  cut  fibrils.  Comparison  of  these  histologic  observations  with  those  seen  under  the 
cavities  used  as  controls  indicated  that  these  changes  may  have  been  due  to  the  effect 
of  cutting  the  fibrils  by  the  burs.  These  changes  were  observed  only  in  the  sections 
under  the  deepest  part  of  the  cavity  whereas  with  all  other  cements  it  occurred  in  all 
types  of  cavities.  A thin  layer  of  ZOE  cement  base  was  sufficient  to  prevent  the 
severe  localized  reactions  of  the  pulp  observed  on  using  acid  cements. 

Similarly,  Gurley  and  Van  Huysen  [64,  65],  from  experimental  work  on  the  teeth  of 
dogs,  concluded  that  reaction  of  the  pulp  may  be  prevented  by  filling  or  lining 
cavities  with  ZOE  cement.  These  authors  estimated  that  it  required  40  days  for  the 
pulp  to  recover  from  the  Inflammation  caused  by  cutting  a cavity  half  way  through  the 
dentin  unless  that  cavity  was  filled  with  ZOE  cement.  ZOE  cement  produced  a very  mild 
reaction  in  the  pulp  compared  to  that  of  gutta  percha,  silicate  or  phosphate  cements. 
Teeth  in  which  cavities  had  been  filled  with  ZOE  cement  for  6 months  showed  reticular 
atrophy  histologically. 

James  and  Dlffenbach  [66]  observed  the  changes  in  the  dentin  and  the  pulp  of 
young  dogs  following  deep  cavity  preparations  when  the  cavity  was  allowed  to  remain 
open.  The  deeper  the  cavity,  the  more  marked  and  extensive  were  the  reactions  of  the 
dentin  and  pulp  to  the  trauma  of  the  operation.  When  deep  cavities  were  either  filled 
or  lined  with  ZOE  cement  beneath  other  types  of  filling  materials  protection  was  af- 
forded the  pulp  and  dentin. 

Mitchell,  Buonocore  and  Shazer  [67]  filled  Class  V cavities  of  varying  depth  with 
ZOE  cement  and  other  filling  materials.  Histological  studies  of  the  extracted  teeth 
indicated  that  a decrease  in  floor  thickness  increased  the  pulp  reaction  except  in  the 
case  of  ZOE  cement  which  gave  a mild  response  Irrespective  of  cavity  depth. 

Human  teeth  extracted  after  22  minutes  to  37  hours  were  studied  by  Jam.es  and 
Schour  [68].  Specimens  sacrificed  within  the  first  hour  showed  a disruption  of  the 
pulpodentinal  membrane,  a reduction  of  the  number  of  odontoblasts  and  edema.  The 
edema  was  prominent  and  appeared  to  have  pushed  the  odontoblasts  into  clumps.  Some  of 
the  odontoblastic  nuclei  were  seen  within  the  tubules  of  the  predentin.  The  layer  of 
Well  was  invaded  by  fibroblasts  and  many  capillaries  contained  cellular  debris.  In 
specimens  sacrificed  after  two  weeks,  the  odontoblastic  layer  began  to  assume  a normal 
appearance.  Recovery  of  the  odontoblasts  and  Weil  layers  appeared  to  be  complete  in 
the  later  survival  periods  (up  to  39  days).  Under  gutta  percha  there  was  found  in  the 
longer  survival  periods  a persistent  chronic  inflammation  and  formation  of  reparative 
dentin.  Under  cavities  filled  with  ZOE  cement  the  pulp  showed  only  minimal  inflammation. 
There  was  concurrently  an  absence  of  reparative  dentin.  Similar  histologic  observa- 
tions in  116  cuspid  teeth  of  young  dogs  showed  mild  Inflammation  in  88^  and  moderate 
Inflammation  in  12^  [69].  There  was  not  a single  specimen  with  severe  Inflammation  and 
no  incidence  of  pathologic  response.  In  comparison,  silicate  cements  showed  55^  mild, 

39^  moderate  and  severe  Inflammatory  responses  with  a 28^  incidence  of  pathologic 

response  of  dentin.  The  inflammation  under  ZOE  cement  decreased  after  the  first  week 
and  probably  represented  the  pulpal  response  to  the  cutting  of  the  odontoblastic  pro- 
cesses during  the  cavity  preparation.  ZOE  cement  apparently  did  not  add  to  the  pulpal 
injury  produced  by  the  operative  procedure.  These  authors  classified  dental  restora- 
tions in  order  of  the  increasing  irritating  effect  on  the  dentin  and  pulp  as  follows: 

ZOE  cement,  calcium  hydroxide,  amalgam,  zinc  phosphate  cement,  gutta  percha,  silicate 
cement  and  gold  foil. 

Glass  and  Zander  [70]  reported  no  microscopic  evidence  of  true  healing  of  healthy 
pulps  mechanically  exposed  under  sterile  conditions  and  capped  with  zinc  oxide  and 
eugenol.  At  the  end  of  eight  weeks  the  site  of  exposure  was  still  walled  off  with 
chronic  Inflammatory  cells  although  the  pulps  remained  clinically  vital.  Less  in- 
flammation was  found  when  a paste  of  calcium  hydroxide  and  waterwas  applied  under 
the  ZOE  cement.  At  the  end  of  four  weeks,  pulps  capped  in  this  manner  demonstrated 
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complete  healing  with  the  original  site  of  the  exposure  completely  walled  off  by  a new 
odontoblastic  layer  and  a new  dentin  barrier.  This  work  was  done  on  exposed  pulps  and 
the  tests  were  conducted  to  determine  the  Influence  of  ZOE  cement  on  the  healing  pro- 
cess of  the  pulp  rather  than  on  its  nonirritating  and  palliative  effect  when  used  as  a 
covering  for  freshly  cut  dentinal  tubules. 

From  their  data  Zander  and  Glass  [71]  suggested  that  ZOE  cement  might  be  Irrita- 
ting and  may  delay  the  formation  of  a calcified  bridge  when  in  direct  contact  with 
freshly  amputated  pulp.  These  authors,  however,  do  not  feel  that  the  material  Is  Irri- 
tant to  the  pulp  when  used  in  cavity  preparations  where  the  pulp  is  not  exposed. 

Massler's  studies  [72]  clearly  indicate  that  ZOE  cement  Is  not  irritating  to  the 
pulp.  To  the  contrary,  this  material  quickly  reduces  the  Inflammatory  reaction  In  hu- 
man pulps  exposed  by  dental  carles.  These  studies  also  indicate  only  a mild  Inhibitory 
effect  on  the  rate  of  secondary  dentin  formation  during  the  first  week.  This  inhibi- 
tion disappears  after  three  weeks. 

On  the  other  hand  Bodecker  [73]  objects  to  the  use  of  ZOE  cement  as  a pulp  cap- 
ping material  because  it  is  too  bland  and  does  not  irritate  the  pulp  enough  to  cause 
the  formation  of  a calcified  bridge  of  secondary  dentin  as  do  the  more  irritating 
materials  such  as  zinc  phosphate  cement  [73].  He  recommends  ZOE  cement  only  for 
cavities  In  teeth  with  pulpitis. 

On  Insertion  of  ZOE  cement  into  standard  cavities  cut  Into  young  human  premolars 
the  hardness  of  the  dentin  increased  beyond  that  of  unaffected  dentin  in. the  same 
teeth  [74].  The  average  Increase  in  hardness  is  smaller  than  that  caused  by  calcium  hydroxide, 
but  larger  than  that  caused  by  amalgam  covered  dentin.  This  Increase  in  hardness  In- 
dicates an  increase  in  the  mineralization  of  the  dentin  between  the  pulp  and  the  cavity 
prep='ration;  an  advantage  in  operative  dentistry.  With  ZOE  cement  the  formation  of 
secondary  dentin  is  delayed  until  the  cleaning  up  process  is  completed. 

The  o-ethoxybenzolc  ^icld  containing  cements  have  also  been  studied  for  inflamma- 
tory reaction  by  subcutaneous  pl=>cement  of  specimens  in  the  back  and  abdomens  of  r^'ts 
[22],  The  rats  were  sacrificed  =>t  3,  l6  and  32  days,  and  the  connective  tissue  re- 
action around  the  Imolants  was  studied  microscopically.  All  formulations  containing 
EBA  and  polystyrene,  methyl  methacrylate,  silica  or  zinc  acetate  did  not  Increase  the 
mild  reaction  of  unmodified  ZOE  cements.  Compared  with  zinc  phosphate  the  tissue 
tolerance  Is  superior.  Similar  results  for  ZOE  were  obtained  by  Bhaskar  [75]  ^nd 
Coleman,  Kirk  and  Pickard  [4o] . 

8.  Bacteriocidal  and  Palliative  Effects 

Turkhelm  [76]  Inocculated  sterile  slices  of  decalcified  dentin  with  micrococcus 
pyogenes  var.  aureus,  Lactobacillus  acidophilus  odontolytlcus,  Escherichia  coll 
and  Candida  albicans  and  exposed  them  to  a ZOE  cement  In  vitro  for  1-48  hours.  E coll 
was  the  most  sensitive.  The  cement  exerted  a bacteriostatic  and  bactericidal  action 
on  the  other  microorganisms  and  all  the  Inocculated  slices  were  sterile  within  24-48 
hours.  Under  similar  conditions,  natural  decay  obtained  from  extracted  carious  teeth 
was  resistant  and  In  no  case  was  the  dentin  sterilized  Artifically  Infected,  pre- 
viously sterile  slices  of  human  dentin  were  rendered  sterile  In  vitro  within  3 hours 
of  direct  contact  with  a ZOE  cement  containing,  among  other  things,  ammonium  chloride 
and  thymol  [77].  In  most  cases  It  was  possible  within  10  to  20  hours  to  sterilize 
natural  decayed  dentin  obtained  from  freshly  extracted  human  teeth  by  close  contact 
with  this  cement.  Clinical  trials  showed  that  the  vitality  of  the  healthy  pulp  was 
preserved.  Turkhelm  [78]  also  claims  that  zinc  oxide  itself  is  antiseptic.  He 
showed  that  discs  of  ZOE  cement  placed  on  seeded  agar  plates  showed  a prolonged  ger- 
micidal action  even  after  14  months  and  13O  transfers,  in  contrast  to  other  materials 
such  as  silver  amalgam,  copper  amalgam,  zinc  phosphate,  copper  phosphate  and  silicate 
cements  which  showed  germicidal  action  and  produced  bacteria-f ree  zones  in  the  agar 
plate  only  when  Inserted  during  the  period  of  mixing  and  setting. 

Studies  of  Coleman  [60]  indicate  that  of  the  antimicrobial  agents  used  In  oral 
surgery,  ZOE  cements  had  the  broadest  antimicrobial  range. 

Microorganisms  v^ry  In  their  sensitivity  toward  eugenol  or  oil  of  cloves  [79]. 

E typhi  and  Monilla  albicans  were  affected  to  a greater  extent  than  the  other  micro- 
organisms tested.  B pyrocyaneus  was  the  most  resistant.  Zinc  oxide  had  no  apparent 
antibacterial  effect,  but  ZOE  paste  possesses  definite  Inhlbltlve  properties. 

Terramycln  and  chloramphenicol  are  best  suited  for  Inclusion  In  ZOE  pastes  [80], 
Penicillin  is  affected  by  either  eugenol  or  ZOE  cement  [8I-83],  Low  unit  dilutions 
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lose  most  or  all  of  their  inhibitory  bactericidal  action,  whereas  the  higher-unit  con- 
centrations, though  affected,  still  possess  definite  growth  restraining  action. 

To  Improve  the  antiseptic  properties  of  eugenol  Gurney  [83a]  recommends  addition 
of  0.1^  nltromethylfurfuryl  ether  to  eugenol.  This  antiseptic  is  claimed  to  be  equal 
in  therapeutic  effect  to  parachlorophenol-eugenol  solutions  and  with  almost  no  in- 
crease in  toxicity. 

ZOE  cement  possesses  significant  inhibitory  power  on  the  rate  of  acid  production 
by  oral  bacteria  in  vitro  but  looses  this  ability  rapidly,  possibly  due  to  the  loss 
of  free  eugenol  during  the  setting  of  the  cement  [84].  A good  correlation  can  be  ob- 
tained between  decreased  acid  production  and  decreased  counts  of  Lactobacilli. 

ZOE  cement  acts  as  a local  anesthetic  or  anodyne,  a mild  non-irritant  antiseptic, 
and  promotes  healing  by  reducing  the  inflammatory  reaction  in  the  connective  tissue. 
Whether  the  latter  is  specific  or  the  result  of  its  antiseptic  action  is  not  clear. 

9.  Clinical  Studies 

ZOE  cement  exerts  a palliative  effect  on  the  pulp.  It  is  at  present  the  material 
of  choice  for  use  over  recently  Injured  pulps  since  it  is  unquestionably  the  least 
irritating  of  any  of  the  dental  cements.  ZOE  cement  is  preferred  over  other  materials 
as  a temporary  sedative  filling  after  pulpal  injuries  caused  by  deep  and  extensive 
operating  procedures.  This  is  especially  true  in  the  teeth  of  children  in  whom  secon- 
dary dentin  has  not  yet  formed  a protective  barrier  within  the  pulp  chamber.  Since 
ZOE  cement  is  superior  to  other  cements  in  its  initial  adaptation  to  the  cavity  walls, 
its  extremely  mild  effect  on  the  pulp  may  be  related  to  its  ability  to  prevent  Ingress 
of  fluids  and  organisms  that  might  produce  a pathologic  condition  during  the  time  when 
the  pulp  is  injured. 

The  main  purpose  of  a temporary  filling  is  sedation  and  protection  of  the  tooth 
from  Irritants  and  decay.  Despite  the  wide  use  of  ZOE  cement  as  a temporary  filling  no 
detailed  study  has  been  made  on  how  long  this  material  will  last  under  clinical  con- 
ditions. Clvjan  and  Brauer  [4l]  placed  ZOE  cement  fillings  in  maxillary  first  molars 
requiring  mesio-occlusal  restorations.  The  cavities  were  prepared  to  receive  ultimately 
amalgam  restorations.  The  cement  (2.6  g ZnO  per  0.4  ml  eugenol-  a powder-liquid  ratio 
considerably  higher  than  that  used  in  commercial  formulations)  was  mixed  in  a mortar 
and  pestle  and  the  paste  was  tamped  into  the  dry  cavities,  using  a wedged  matrix  when 
contact  was  to  be  restored.  Slight  lubrication  of  the  matrix  band  and  added  care,  were 
needed  to  remove  the  band  without  disturbing  the  restoration  which  was  finished  and 
the  occlusion  adjusted  by  the  normal  operative  procedures.  The  patients  were  in- 
structed not  to  eat  for  2 1/2  hours.  Although  some  of  the  ZOE  cement  fillings  chipped 
at  their  margin,  they  all  remained  serviceable  for  two  to  ten  months  of  observation. 

No  exposure  of  the  dentlnqenamel  junction  by  fracture  or  wear  of  the  restoration  was 
observed  during  this  time.  EBA  containing  cements,  despite  their  Improved  physical 
properties,  failed  within  1 1/2  months.  These  results  seem  to  indicate  that  properly 
placed  ZOE  cement  fillings  containing  a high  powder-liquid  ratio  and  with  no  zinc 
acetate  accelerator  may  last  considerably  longer  than  previously  expected . Further 
investigation  to  determine  the  durability  of  ZOE  cement  fillings  is  needed. 

A ZOE-fatty  acid  material  was  employed  in  4l  Class  I and  Class  IE  restorations 
[43].  Within  six  months  95^  of  the  restorations  had  failed  as  compared  to  failure  of 
47/  of  the  zinc  phosphate  cement  and  l4^  of  the  silicate  cement  restorations. 

It  is  good  practice  in  mixing  ZOE  cements  to  Incorporate  the  maximum  amount  of 
powder  into  the  liquid  consistent  with  a usable  consistency  so  that  the  powder  will 
be  present  in  a large  excess  in  the  set  cement.  Preparing  the  cavity  involves  cutting 
perhaps  millions  of  dentinal  tubules.  Therefore,  cavity  surfaces  should  be  coated  to 
protect  and  to  Insulate  the  pulp  against  the  irritating  action  of  filling  and/or 
thermal  shock.  This  is  especially  true  with  silicate  cement  and  amalgam  fillings. 

A ZOE  cement  base  reduces  the  sensitivity  of  large  excavations,  ameliorates  and  some- 
times prevents  pulp  inflammation  and  acts  as  a protective  insulation  for  the  pulp  [85]. 

Pulp  damage  due  to  cutting  heals  in  about  2 weeks.  It  takes  about  40  days  to  lay 
down  0.1  mm  of  secondary  dentin.  Compared  to  a calcium  hydroxide  underfilling,  the 
more  bland  ZOE  cement  base  will  cause  the  formation  of  less  secondary  dentin  (which 
reduces  the  effect  of  external  irritation  and  protects  .the  pulp  effectively) . Cavi- 
ties in  young  patients  are  sometimes  filled  with  a ZOE  cement  filling  and  after  a 
waiting  period  the  final  restoration  is  placed.  Most  dentists,  however,  insert  the 
permanent  restoration  at  the  same  sitting.  A satisfactory  base  should  possess  not 
only  the  sedative  qualities  of  ZOE  cement,  but  should  also  have  sufficient  strength 
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to  provide  a substantial  foundation  for  the  Immediate  insertion  of  a well  condensed 
amalgam  restoration.  According  to  Gayler  [87]  the  variation  In  the  pressures  used 
In  hand-packing  amalgam  ranged  from  21  to  420  kg/cm2.  Regular  ZOE  cement  will  not 
withstand  the  maximum  packing  pressure  If  this  Is  exerted  on  a cylindrical  specimen^ 
but  should  stand  up  to  the  average  packing  pressure  In  four-walled  cavities.  A study 
of  the  mechanical  failure  of  amalgam  restorations  with  zinc  phosphate  and  ZOE  cement 
bases  has  been  reported  by  Hoppenstand  and  McConnell  [88],  They  reported  that  a deep 
Class  I restoration  does  not  have  appreciable  strength  when  amalgam  Is  condensed 
upon  a layer  of  ZOE  cement  and  this  type  of  restoration  might  fall  In  clinical  practice. 
When  ZOE  cement  Is  used  In  a small  excavation  Immediately  above  the  pulpal  chamber  and 
the  principal  mass  of  amalgam  Is  supported  by  the  tooth  structure,  the  strength  can 
approach  that  of  a base  of  zinc  phosphate  cement  or  that  of  amalgam.  For  large  Class  1 
restorations,  there  appears  to  be  a decrease  In  strength  which  accompanies  the  Increase 
In  depth  of  the  cavity  preparation  even  for  amalgam  alone.  This  reduction  In  strength 
becomes  extreme  with  the  use  of  ZOE  cement.  It  should  be  noted  that  the  ZOE  cement 
used  did  not  set  to  a rigid  condition  within  48  hours,  so  that  failure  occurred  under 
comparatively  small  loads. 

Mosteller  [89]  suggests  the  addition  of  an  equal  part  of  eugenol  to  the  liquid 
used  In  conventional  zinc  phosphate  cements.  It  Is  claimed  that  this  formulation  re- 
duced postoperative  sensitivity  In  over  3OOO  cavities  due  to  the  established  sedative 
action  of  the  eugenol  on  the  pulp.  The  compressive  strength  of  this  cement  Is  770 
kg/cm2.  No  histologic  study  of  this  material  on  the  pulp  Is  reported.  Although  patient 
sensitivity  to  acid  might  be  masked  by  the  eugenol.  It  Is  Improbable  that  the  actual 
effect  of  the  phosphoric  acid  would  be  greatly  reduced. 

Polystyrene  fortified  ZOE  cements  handle  well  cllnclally  when  used  as  a temporary 
filling  or  a base  under  amalgam  fllllngp  [3I,  32].  Sealing  properties  and  adhesiveness 
are  excellent,  while  hardness,  edge  strength  and  friability  are  comparable  to  that  of 
the  zinc  phosphate  cements.  An  In  vitro  test  Indicated  that  the  ZOE  or  ZOE  fortified 
cement  base  does  not  break  down  under  the  forces  applied  during  the  condensation  of 
amalgam.  Incorporation  of  a few  fibers  of  cotton-wool  Into  the  mix  Increased  resis- 
tance to  masticatory  stress  and  facilitated  subsequent  removal  of  the  filling.  The 
cavity  should  be  completely  dry  and  4-5  minutes  should  elapse  before  placing  the  sili- 
cate cement  or  amalgam  filling.  Otherwise  free  eugenol  discolors  the  silicate  cement 
restoration  and  the  strength  of  the  base  may  not  be  high  enough  to  resist  the  forces 
applied  during  packing  of  the  amalgam. 

Cements  containing  EBA  seem  to  be  well  suited  as  a one-step  base  In  deep  cavities 
for  gold,  silicate  cement  and  amalgam  fillings.  When  this  cement  was  placed  In  32 
vital,  but  symptomatic  teeth,  symptoms  subsided  within  two  days  [4l].  The  cavity 
preparations  were  then  completed  and  permanent  restorations  placed,  leaving  part  of  the 
EBA  cement  as  a base.  The  teeth  remained  vital  and  non-symptomatlc . No  histological 
findings  are  available. 

Since  for  all  types  of  ZOE  temporary  fillings  or  bases  excess  of  liquid  Is 
undesirable,  excess  eugenol  can  be  removed  by  squeezing  [90].  A ZOE  paste  of  putty 
like  consistency  can  be  prepared  and  stored  In  a glass  Jar  over  anhydrous  calcium  chlor- 
ide [91]-  Such  paste  will  remain  usuable  for  several  weeks.  The  consistency  at  the 
time  of  placement  does  not  appear  to  Influence  the  sealing  characteristics  [92 ] . 

Sensitivity  to  ZOE  cement  Is  unusual.  For  this  reason  the  cementation  of  inlays, 
crowns  or  fixed  bridges  with  ZOE  Is  a frequently  used  procedure.  This  Is  generally 
considered  a temporary  measure  to  provide  the  patient  greater  comfort  while  the  pulp 
heals.  Often  a bridge  Is  later  cemented  permanently  with  zinc  phosphate  cement. 
Dentists,  when  employing  ZOE  as  a temporary  cement,  have  Invariably  found  sound  tooth 
structure  and  no  evidence  of  leakage  on  removing  the  casting  for  permanent  cementation. 
Therefore,  there  has  been  Increasing  Interest  In  the  use  of  ZOE  cement  for  permanent 
cementation. 

The  relative  retentive  properties  of  various  luting  agents  have  been  obtained  by 
measuring  the  tensile  forces  necessary  to  remove  cast  gold,  occlusal  Inlays  or  crowns 
seated  with  different  cements  [93^  94].  Inlays  cemented  with  commercial  ZOE  cement 
required  less  force  to  remove  than  when  the  restorations  were  luted  with  phosphoric 
acid  cements.  However,  the  retention  of  Inlays  cemented  with  zinc  phosphate  cement 
was  not  affected  by  placing  a ZOE  cement  base  In  a depression  In  the  floor  of  the 
cavity.  The  shear  resistance  and  compressive  strength  of  ZOE  cement  are  also  somewhat 
low  for  cementing  restorations,  particularly  for  long  span  bridges  where  the  cement  Is 
subjected  to  unusually  high  biting  stress.  The  surfaces  of  both  the  casting  and  the 
tooth  structure  are  somewhat  rough  and  the  plastic  cement  Is  forced  Into  these  Irregu- 
larities during  cementation.  After  the  cement  hardens  such  extensions  may  assist  In 
providing  mechanical  retention  of  the  casting  [95].  If  the  compressive  or  shear 
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strength  of  the  cement  Is  low,  the  particles  of  the  cement  may  fracture  and  reduce 
the  retentive  tendencies.  The  minimum  strength  and  retention  values  for  dental  cements 
are  not  known.  Possibly  a cement  with  lower  compressive  strength,  but  higher  ductlbill- 
ty  might  be  more  satisfactory.  At  the  present  time  it  is  probably  wise  to  restrict 
commercial  ZOE  cement  for  permanent  cementation  of  restorations  not  unduly  subjected 
to  stress  or  where  retention  is  not  greatly  dependent  on  the  cementing  medium.  For 
example,  ZOE  cement  might  be  indicated  for  the  full-cast  crown  or  the  simple  inlay, 
but  contraindicated  for  cementing  a long-span  bridge  with  MOD  Inlays  or  three-^iuarter 
crowns  as  abutments. 

Cementation  of  fixed  bridges  with  commercial  ZOE  cement  is,  however,  a means  of 
coping  with  a variety  of  exigencies  that  may  arise  in  conjunction  with  the  use  of  a 
fixed  bridge  regardless  of  the  length  of  its  span  [96].  Heavily  denuded  abutment  teeth 
are  less  sensitive  to  thermal  changes  when  ZOE  cement  is  used  than  vhere  zinc  phosphate 
cements  are  employed.  Furthermore,  the  teeth  do  not  have  to  be  completely  dry  when 
ZOE  cements  are  employed  since  the  setting  time  is  reduced  in  the  presence  of  moisture. 
The  working  time  is  generally  less  critical  than  that  of  zinc  phosphate  cement  which 
also  has  poor  flow  characteristics.  However,  ZOE  cements  can  and  do  wash  out.  The 
patient  should  be  advised  that  loosening  of  an  abutment  may  be  accompanied  by  (l) 
sensitivity  to  thermal  changes  and  to  biting  forces  in  the  area  where  the  cement  has 
washed  out  and  (2)  a bad  taste.  In  many  cases  the  washout  may  go  unnoticed  by  the 
patient  unless  the  bridge  is  notably  loose.  Loosening  of  the  bond  on  ai abutment  may 
be  detected  by  applying  an  unseating  force  with  an  instrument  beneath  the  soldered 
joint  between  the  abutment  and  the  adjacent  pontlc.  "Bubbling' of  saliva  at  the  gingi- 
val margin  of  the  tooth  and  an"oozing"  sound  indicate  a break  of  the  seal.  The  loosen- 
ing of  the  bond  is  most  commonly  observed  on  a lone  terminal  abutment  that  is  the  only 
distal  support  for  a span  of  two  or  three  pontics.  To  help  overcome  the  weakness  of 
the  bond,  the  lone  terminal  abutments  may  be  cemented  with  zinc  phosphate  cement  to 
take  advantage  of  its  greater  strength  and  the  remainder  of  the  prothesls  can  be  ce- 
mented with  ZOE  cement.  The  rationale  of  using  the  "temporary  cement"  on  the  inter- 
mediate abutment  is  that,  despite  the  fact  that  one  or  two  terminal  abutments  may  be 
permanently  cemented,  removal  of  the  bridge  is  still  possible. 

Messing  [32]  states  that  the  polystyrene  fortified  ZOE  cement  due  to  its  Increased 
toughness  and  crushing  strength  is  an  ideal  material  for  the  setting  of  temporary 
crowns  of  aluminium,  acrylic  resin  or  cellulose  acetate.  The  tooth  surface  should  be 
lightly  lubricated  before  applying  the  crown  form,  thus,  facilitating  complete  eradi- 
cation of  the  cement  when  the  temporary  crown  is  removed , 

Due  to  their  much  improved  physical  properties,  EBA  mixtures  have  been  studied 
clinically  over  a two-year  period  using  I86  full  cast  crown  bridge  retainers  and  205 
full  cast -crowrB  [97l.  The  span  of  the  bridges  cemented  with  this  material  was  limited 
to  a maximum  of  two  consecutive  pontics  of  bicuspid  width.  Nineteen  of  the  full  cast 
crown  bridge  retainers  were  associated  with  a cantilever  type  of  bridge.  Abutment 
teeth  that  were  too  short  or  of  questionable  taper  were  not  Involved  in  this  study. 
Powder-liquid  ratio  used  was  approximately  1.4  g powder  per  0.2  ml  liquid,  Resin 
veneers  were  protected  from  the  excess  EBA  cement  by  coating  them  with  silicone 
grease.  Abutment  teeth  were  dried  gently  with  cotton  until  no  evidence  of  moisture 
was  visible.  No  cavity  liners  or  medicaments  were  applied.  The  crowns  were  not  com- 
pletely filled  with  the  cement,  but  a coating  was  applied  to  the  Internal  surfaces 
and  then  a small  amount  was  flowed  Int-o  any  crevices  or  depressions  on  the  teeth  prior 
to  insertion.  All  restorations  were  tapped  with  a mallet  and  orangewood  stick  after 
initial  seating.  Dryness  was  not  maintained  after  the  restorations  were  seated.  The 
cement  has  good  flow  characteristics  which  allows  easy  manipulation  and  gave  minimum 
resistance  to  complete  seating  during  the  insertion  of  fixed  restorations  The  EBA 
cement  set  in  the  mouth  in  2 to  3 minutes,  but  remained  plastic  on  the  cooled  mixing 
slab  for  10  minutes.  Excess  cement  is  difficult  to  remove.  After  cementation  abut- 
ment teeth  are  not  painful  and  marginal  relationships  are  not  unduly  disoriented. 

In  selected  cases,  tests  with  ice-cold  water  seemed  to  indicate  excellent  insulation. 
Although  this  effect  may  be  due  to  the  ability  of  the  cement  to  obtund  pain,  the 
fused  quartz  component  is  known  to  be  a good  insulator.  The  low  abrasion  resistance 
observed  for  fillings  does  not  appear  to  be  very  significant  when  the  material  is  used 
under  full  crown  castings  and  no  restorations  loosened  prematurely. 

For  certain  temporary  cementations  of  multiple  unit  fixed  prostheses  a non-setting 
anodyne  ZOE  type  cement  would  be  desirable  [98]  that  retains  its  original  consistency 
over  an  extended  period  and  is  insoluble  in  the  oral  fluids.  Such  a cement  will 
facilitate  removal  of  the  restoration.  Final  cementation  may  be  postponed  until 
evidence  of  the  success  of  the  restoration  can  be  evaluated.  Although  such  a cement 
may  provide  little  retention  it  would  give  a marginal  seal  against  the  Ingress  of 
saliva  and  bacteria  and  may  have  therapeutic  value.  An  example  of  a non-setting 
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formulation  Is  as  follows [97]: 

Zinc  oxide  (USP)  with  1%  Propyl  Paraben  0.2  g 

Eugenol  (USP)  0.25  ml 

Silicone  grease  0.57  g 

Approximately  Vfo  of  methyl  or  propyl  paraben  (neutral  esters  of  parahydroxyben- 
zoic  acid)  is  added  to  improve  the  plasticity  and  antibacterial  properties. 

A neutral  orthodontic  cement  that  is  resistant  to  attack  under  oral  conditions 
and  that  will  strip  cleanly  from  enamel  on  removal  of  the  band  is  also  needed.  After 
removal  of  bands  cemented  with  zinc  phosphate  cement  from  the  teeth  of  children  the 
enamel  in  contact  with  the  cement  is  sometimes  of  a slightly  different  appearance  from 
the  unprotected  enamel.  This  has  been  attributed  to  the  decalcifying  action  of  the 
phosphoric  acid  used  in  the  preparation  of  the  cement  [99^100].  However,  only  abnormally 
thin  mixes  of  zinc  phosphate  or  silicate  cements  are  likely  to  attack  the  natural  sur- 
face of  sound  tooth  enamel  [101].  Bands  cemented  with  zinc  and  zinc  silico-phosphate 
cements  show  better  retention  tnan  those  cemented  with  commercial  ZOE  materials  [102]. 
Addition  of  EBA  markedly  improves  retention.  There  appears  to  be  some  correlation  be- 
tween compressive  strength  and  the  ability  to  retain  the  orthodontic  bands  under  a 
tensile  load . 

ZOE  cementing  media  require  good  flow  characteristics  and  film  thickness  of  less 
than  40(j,,  a value  generally  considered  to  be  the  maximum  limit  acceptable  for  cementa- 
tion. 

ZOE  cement  or  calcium  hydroxide  are  recommended  for  vital  pulp  therapy  [103]. 
Massler  and  Manuskhanl  report  the  following  stages  in  the  pulp  healing  of  rats  under  a 
zinc  oxlde-eugenol  covering  [104]. 

Stage  1 Acute  Inflammatory  reaction. 

3 days:  Massive  infiltration  of  polymorphs  concentrated  in  the  site  of 

amputation.  Pulp  below  is  normal. 

7 days:  Localization  of  Inflammatory  zone  by  fibrous  band.  Inflamma- 

tory cells  at  site  of  amputation  tend  to  degenerate.  Engorged 
vessels  under  the  fibrous  band.  Pulp  below  is  normal. 

Stage  2 Calcification  of  fibrous  band  (defense  reaction). 

l4  days:  The  number  of  Inflammatory  cells  becomes  greatly  reduced. 

Cells  at  the  surface  are  necrotic.  Formation  of  dense 
fibrous  layer  with  encapsulated  cells  (scar  tissue)  under 
zone  of  Inflammation.  The  fibrous  capsule  becomes  calcified, 
forming  a temporary  bridge.  Vascularization  of  pulp  under 
temporary  bridge.  Pulp  below  is  normal. 

Stage  3 Reparative  dentin  formation. 

l4  days:  Secondary  dentin  formation  by  old  odontoblasts  Just  lateral 

to  site  of  amputation.  Reparative  dentin  formation  under 
temporary  bridge  of  calcified  fibers  by  new  odontoblasts. 

21  days:  Lateral  and  central  reparative  dentin  formation  well  advanced. 

28  days:  Bridging  and  coalescence  of  lateral  and  central  reparative 

dentin  complete. 

Use  of  ZOE  cement  between  pulp  capping  medicament  and  amalgam  markedly  decreased 
the  Incidence  of  pulpal  necrosis  and  increased  the  Incidence  of  healing  [104].  When 
this  sealer  was  omitted  degenerative  changes  in  the  pulp  followed  swiftly.  Whether 
this  result  was  due  to  the  sealing  action  of  the  material  and  the  prevention  of  mar- 
ginal leakage  along  the  amalgam  filling  or  to  some  action  by  the  eugenol  is  not  clear. 

Tananbaum  [105]  reported  clinical  studies  using  ZOE  cement  or  calcium  hydroxide 
as  pulp  capping  materials.  A total  of  135  teeth  were  observed.  No  failures  occurred 
with  either  calcium  hydroxide  or  ZOE  cement  treated  primary’  teeth  during  5 to  39 
months.  Pulp  capping  of  permanent  teeth  was  91^  successful  with  calcium  hydroxide 
and  86^  with  ZOE  cement.  Only  4^  of  the  ZOE  cement  group  showed  roentgenographically 
a secondary  dentin  barrier  after  2 years,  while  89^  of  the  calcium  hydroxide  group 
showed  this  barrier  within  one  year. 
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Bonsack  [106]  claims  that  removal  of  the  carious  dentin  layer  next  to  the  pulp 
chamber  Is  not  advisable.  Following  a hermetic  filling  of  ZOE  cement  over  the  last 
layer  of  decayed  dentin,  the  latter  becomes  harder  by  some  yet  unknown  reminerallza- 
tlon  process.  The  decayed  dentin  should  be  carefully  removed  1 to  1 1/2  mm  beyond  the 
dentlnoenamel  junction  and  only  left  on  an  area  2-3  mm  In  width  and  1 mm  in  thickness 
from  the  pulp  chamber.  Best  results  were  obtained  by  covering  this  area  with  a layer 
of  ZOE  cement . 

Prader  [107]  In  his  extensive  review  also  recommends  ZOE  cement  for  Indirect  pulp 
capping.  Spreter  von  Kreudenstein  [108]  recorded  95^  successful  results  after  capping 
with  zinc  oxide-clove  oil  cement  and  77^  after  capping  without  medication.  He  also 
observed  that  softened  dentin  will  harden. after  a few  days  or  weeks  if  covered  with 
this  cement. Pulps  which  had  been  exposed  In  the  course  of  normal  operative  procedures  in 
five  nonsymptomatlc  teeth  were  capped  using  the  EBA  containing  cement  and  the  cavities 
were  filled  [41].  Within  a week  part  of  the  material  was  removed  and  permanent  res- 
torations placed  leaving  part  of  the  previous  cement  filling  as  a base.  None  of  the 
patients  reported  any  symptomatology.  None  of  the  teeth  showed  any  radiographic  changes 
and  all  responded  normally  to  vitality  tests  within  the  two  to  ten  months  observation 
period . 

Schach  [35]  has  recommended  substitution  of  bergamot  oil  f or- eugenol  In  the  field 
of  Indirect  and  direct  capping. 

Endodontic  therapy  and  immediate  root  resection  employing  ZOE  cement  as  filling 
material  has  been  suggested  by  Hamilton  [109],  Becker  [110]  and  Prior  [111].  These 
investigators  reported  remarkable  clinical  success  with  this  form  of  therapy. 

ZOE  cement  has  also  been  widely  used  in  the  treatment  of  dry  sockets.  This  treat- 
ment not  only  relies  upon  the  palliative  effect  of  the  eugenol,  but  also  upon  its 
bacteriostatic  properties.  Hadden  [112]  questions  the  advisability  of  using  ZOE  cement 
since  it  may  damage  the  tissues.  He  found  that  ZOE  cement  packs  in  monkey  tooth 
sockets  resulted  in  polymorphonuclear  response  that  was  a continuing  source  of  irrita- 
tion, killed  the  tissues  it  contacted,  and  in  many  cases  seriously  delayed  reparative 
processes . 

The  toxic  character  of  eugenol  can  also  be  used  to  advantage  in  situations  where 
chemical  necrosis  Is  desired,  such  as  In  the  treatment  of  a vital  pulp  scheduled  for 
endodontic  therapy  [83a]. 

During  the  last  twenty  years,  the  use  of  ZOE  cement  as  a periodontal  dressing 
prior  to  glngivectomy  has  become  universal  since  these  cements  reduce  Inflammation 
and  swelling  of  hyperemlc  gingivae  and  reduce  the  bacterial  count.  Ward  advocated 
ZOE  paste  with  rosin  as  a postoperative  dressing  following  glngivectomy.  Some 
patients,  however,  object  to  the  lingering  eugenol  taste  and  odor.  Commercially 
available  surgical  pastes  containing  zinc  oxide  and  weak  organic  acid  derivatives 
can  be  applied  to  the  tissue  with  no  sensation  of  burning,  and  with  no  unpleasant 
flavor  or  odor  [II3]. 

Uses  of  ZOE  impression  materials  are  beyond  the  scope  of  this  review.  These 
pastes  are  used  in  making  the  final  impression  for  46/  of  all  upper  and  48/  of  all 
lower  dentures . 


10.  Summary 

Zinc  oxlde-eugenol  cement  is  decidedly  superior  to  other  materials  in  its 
palliative  effect  on  the  pulp  and  in  patient  comfort.  Whereas,  solubility  Is  low 
and  Initial  adaptation  to  the  cavity  walls  unusually  good.  Its  low  strength  and 
lack  of  resistance  to  abrasion  confine  Its  use  to  restorations  not  Involving  high 
stress  or  attrition.  Properly  formulated,  it  is  the  cement  of  choice  for  selected 
restorations . 

ZOE  preparations  often  contain  an  accelerator  such  as  zinc  acetate,  rosin  and  an 
antiseptic,  e.g.,  thymol.  ZOE  cements  are  successfully  employed  as  filling  materials, 
cementing  media,  cement  bases,  pulp  capping  agents,  anodyne  pastes  and  periodontal 
packs . 

Recent  Investigations  have  explored  the  possibilities* of  Improving  the  desirable 
physical  properties.  Incorporation  of  o_-ethoxybenzoic  acid  has  led  to  materials 
that  appear  promising  as  bases  and  cementing  materials  for  Inlays  and  crowns.  Further 
studies  should  lead  to  stronger,  more  adhesive  and  more  permanent  restorative  materials 
that  are  Impermeable  to  moisture. 
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Table  1 


Composition  of  Typical  ZOE  Cements 


Powder 

Composition 

fo 

Zinc  oxide 

99.8 

70.2 

70.0  ' 

69.65 

95 

Zinc  acetate 

0.2 

0.4 

0.5 

0.5 

_ 

Zinc  sterate 

_ 

1.0 

- 

Rosin 

- 

28.5 

_ 

- 

Hydrogenated  rosin 

- 

29.4 

- 

29.85 

- 

Thymol  Iodide 

- 

- 

- 

- 

5 

Liquid 

Eugenol 

100 

85 

85 

82.1 

46 

Olive  oil 

- 

15 

- 

_ 

Cottonseed  oil 

- 

15 

_ 

- 

Corn  oil 

- 

- 

17.9 

_ 

Rosin 

- 

- 

40 

Oleic  acid 

- 

- 

- 

_ 

9 

Menthol 

- 

- 

- 

- 

5 

References 

[7] 

[7] 

[7] 

[14] 

[14] 

Table  2 

Composition  for 

a Root  Canal  Sealer 

[15] 

Powder 

Composition 

Zinc  oxide 

41.2 

g 

Precipitated  silver 

30.0 

g 

White  rosin 

16.0 

g 

Thymol  Iodide 

12.8 

g 

Liquid 

Clove  oil 

78.0 

ml 

Canada  balsam 

22.0 

ml 

19 


Table  3 


Physical  Properties  of  Zinc  Oxlde-Eugenol  Type  Cements 

ZOE  Cements  EBA  Cements'^ 


Experimental 

cements^ 


Range  for  , 
commercial  cements 


24  hr.  compressive  strength 

337  kg/cm^ 

14O-385  kg/cm^ 

872  kg/( 

7 days  compressive  strength 

260 

- 

893 

24  hr.  tensile  strength 

14-28 

- 

56-91 

24  hr.  shear  strength 

- 

- 

- 

punch  test  method 

42 

- 

127 

double  shear,  specimen 
ends  braced 

148 

319 

24  hr.  linear  setting  shrinkage 

- 

- 

dry 

0.85^ 

- 

0.24^ 

wet 

0.31 

0.12 

Coefficient  of  thermal 
expansion 

25-60  °C 

35X10“^  per  °C 

64x10-6 

at  37  °C 

35x10-6 

60x10-6 

Density 

3. 6-3. 7 g/ml 

2. 6-3. 7 g/ml 

2.9-3.( 

24  hr.  solubility,  distilled 
water 

0,4^ 

0,02-0.1^ 

0.04^ 

8 days  solubility,  distilled 
water 

0.10 

0.09 

24  hr.  solubility,  0.1  NH4OH 

0.35 

- 

0.33 

pH  range  of  cement 

- 

6. 0-8.0  pH 

- 

Heat  stability 

24  hr.  loss  on  heating  to  62°C 

0.32^ 

0.32^ 

l4  days  loss  on  heating  to  62°C 

0.50^ 

- 

0.60^ 

C 


Values  are  given  for  a ZOE  cement  containing  no  accelerator  and  powder-liquid 
ratio  of  2.6  g/0.4  ml  which  Is  considerably  higher  than  that  generally  employed  In 
commercial  products. 

Composition-  Ponder:  Jkfo  zinc  oxide,  6^  hydrogenated  rosin,  20fo  fused  quartz 

Liquid:  62.5^  £-ethoxybenzolc  acid  (EBA),  37-5^  eugenol. 


Table  4 


■Reactivities  of  Eugenol  Isomers  with  ZnO 

Powder^  Liquid'^''  Setting  Time 

Initial  Set^  Pinal  Set 


hr. 

hr . 

ZnO 

Eugenol 

3.5 

23 

ZnO 

+ 

¥ 

Zn( Ac )2 

Eugenol 

0.18 

0.35 

ZnO 

Chavlbetol 

6.5 

22 

ZnO 

+ 

1/ 

Zn( Ac )2 

Chavlbetol 

0.15 

0.19 

ZnO 

Zn( Ac )2 

o-Eugenol 

-Q- 

ZnO 

+ 

Ifo 

o-Eugenol 

ZnO 

Ifo 

Zn( Ac ) 2 

3-Allyl-2-methoxyphenol 

vG/ 

ZnO 

+ 

3-Ally 1-2-methoxyphenol 

~90 

— 170'' 

^ Powder-liquid  ratio:  1.3  g powder  per  0.4  ml  liquid 

^ Initial  setting  time  In  hours  Is  the  time  elapsed  from  starting  the  mix  to  the 
time  when 'the  point  of  a Gilmore  needle  makes  only  a slight  but  visible  Indentation 
after  placing  the  needle  on  the  material  for  5 seconds. 

V Did  not  harden  within  10  days 


20 


Figure  1.  Electron  micrograph  of  a zinc  oxlde-eugenol  mixture 

showing  the  small,  rounded  particles  of  zinc  oxide  and 
the  thin,  elongated  crystals  of  zinc  eugenolate. 
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